It is unclear whether the association between the visual attention span (VA span) and reading differs across languages. Here we studied this relationship in Arabic, where the use of specific reading strategies depends on the amount of diacritics on words: reading vowelized and non-vowelized Arabic scripts favor sublexical and lexical strategies, respectively. We hypothesized that the size of the VA span and its association to reading would differ depending on individual "script preferences". We compared children who were more proficient in reading fully vowelized Arabic than nonvowelized Arabic (VOW), to children for whom the opposite was true (NOVOW).
Introduction
Most cross-linguistic studies of reading have endeavored to pinpoint the contribution of orthographic depth (the complexity and predictability of grapheme-tophoneme conversions) to literacy development for a review).
These studies show that orthographic depth modulates the use of reading strategies and the corresponding underlying cognitive skills. For example, the regular letter-sound correspondences of shallow orthographies favor the use of sublexical strategies and the development of phonemic awareness (Ziegler & Goswami, 2005) , whereas reading in deep orthographies boosts lexical strategies (Frost, Katz & Bentin, 1987) and favors a wider distribution of visual attention over letter strings . The role of visual attentional processes for reading development (see Gori & Facoetti for a review) has only recently been approached from a cross-linguistic perspective (e.g., Lallier, Molinaro, Liazarzu, Bourguignon, & Carreiras, 2017) . The present study focuses on the cross-linguistic modulations which affect the visual attention span (VA span) and its association with reading.
The VA span corresponds to the number of visual elements processed simultaneously in a multi-element array (Bosse, Tainturier, & Valdois, 2007) and plays an important role in reading acquisition through the build-up of orthographic knowledge (Bosse, Chaves, Largy & Valdois, 2015) . Cross-linguistic studies suggest that both the size and the shape of VA span are affected by orthographic depth (Awadh, Phénix, Antzaka, Lallier, Carreiras, & Valdois; 2016; Lallier, Acha, & Carreiras, 2016) . In addition, Awadh et al (2016)'s study in adults showed that there was a significant relationship between VA span and reading skills in a deep orthography (French), but not in two shallow orthographies (Spanish and Arabic). This result in shallow orthographies is at odds with similar studies carried out on children (e.g., Lallier, Valdois, Lassus-At the beginning of reading acquisition for children in Qatar, diacritics are used to foster decoding development. Around Grade 3, consonantal roots must be memorized as children are mostly presented with non-vowelized texts. Lastly, a non-frequent fully vowelized script, used for poetry and religious texts, must be mastered from Grade 4 onwards. For expert readers of the non-vowelized script, fully vowelized Arabic is composed of non-familiar orthographic forms (Weiss, Katzir, & Bitan, 2015) for which letter-by-letter recoding strategies have to be applied (see Weiss et al., 2016) to prevent the automatic access to root morphemes from interfering with reading. Therefore, fully vowelized and non-vowelized scripts are read with distinct strategies (Frost & Bentin, 1992) , which might also be associated with distinct visual attention distribution modes. Whereas fully-vowelized Arabic should require narrow visual attentional captures on each letter to access all the vowel information (Weiss et al., 2016) , efficient non-vowelized script reading may require the homogenous distribution of attentional resources across the words to promote automatic access to root morphemes as wholes (Frost & Bentin, 1992; Frost, et al, 1987; Katz & Frost, 1992) . Although this arguably suggests that a large VA span should be critical for nonvowelized reading, Awadh et al (2016) could not report any relationship between the VA span and non-vowelized text reading skills. We suggest that a feature specific to Arabic contributed to this result.
Given that Arabic readers master both fully-vowelized and non-vowelized reading from Grade 4 onwards, the VA span-reading relationship might be different between readers with distinct preferred reading strategy: one may be better at reading in one script compared to the other, and favor this "preferred" strategy when reading in either script. Thus, the VA span-reading relationship should be visible in a subgroup of readers who are more expert in a script where lexical strategies and a wide distribution of attention over letter strings contribute to fluent reading (i.e., non-vowelized script).
On the other hand, the reading performance of Arabic speakers whose preferred script requires letter-by-letter decoding (i.e., fully vowelized script) should not depend as much on the number of visual elements processed under one attentional capture.
Here, we examined the VA span and reading skills of Qatari children who are in Grade 4. If script and reading strategy preferences are associated with specific visual attention distribution modes, children who have better reading skills to deal with the non-vowelized script than the fully vowelized one should exhibit a more homogeneous distribution of attention over letter strings compared to the other group of children. In addition, we predicted that there would potentially be a stronger VA span-reading relationship for those readers who are better at reading non-vowelized Arabic than fully vowelized Arabic.
Material and Methods

Participants
Fifty-nine Grade 4 native Arabic speaker children from Al-Bayan Independent School in Doha, Qatar, participated in this experiment (right-handed females; mean age = 127months ± 4). We focused on this age group because children are supposed to master both non-vowelized and vowelized reading at this age. All of the participants had normal or corrected-to-normal vision and none were reported to have reading difficulties or developmental disorders. The Qatar Foundation ethical committee approved the experiment. The written consent of each child's legal tutor was obtained.
Task battery.
Non-verbal IQ. Non-verbal IQ skills were measured with the Egyptian version of WISC non-verbal IQ subtests (Ismael, & Maleka, 1993) including the picture completion, picture arrangement, block design, object assembly, digit-coding symbol, and mazes subtests. The standard score was calculated. They were instructed to read the text out loud as well as possible and they knew that they were being timed. Participants were given a maximum of six minutes to read each text. Both the time taken to read the text and the number of words correctly read were recorded. The number of correct words read per minute was computed in order to obtain comparable outcome measures for the four texts. For each participant, the mean z-score obtained from the vowelized texts was subtracted from the mean z-score obtained from the non-vowelized texts. Participants scoring above the median were assigned to the NOVOW group (i.e., children with better non-vowelized than vowelized reading skills) and those scoring below the median were assigned to the VOW group (i.e., children with better vowelized reading skills than non-vowelized reading skills; see Figure 1 ). VA span. A visual 1-back paradigm was used. Stimuli were created using 13
The consonant strings did not include clusters corresponding to root morphemes and consonants could only be included once in the same string. The task included 104 5-consonant strings presented on a white screen in black upper-case Arial font. Children were seated 70cm away from the screen so that stimulus width was between 5.3° and 5.55° of visual angle and the center-to-center distance between each adjacent letter was Reading scores are presented in Table 1 . There was a Group by Script interaction (F(1,55) = 81, p < 0.001, η 2 = 0.60). Post hoc exploration showed that the VOW group was better at reading the vowelized than the non-vowelized texts, and the NOWOV group was better when reading the non-vowelized than the vowelized texts (ps < 0.001).
The two groups had similar reading performance on the fully vowelized texts (p > 0.05), whereas the NOVOW groups was better at reading the non-vowelized texts than the VOW group (p = 0.01). Correlations between VA span and reading in Arabic 1 Crowding effects in reading refer to perceptual difficulties at identifying letters within words, that stem from the interference produced by lateral masking between adjacent letters. In a 5-letter word, letters in position 2 and 4, which are surrounded by letters in both sides, will be the most affected by crowding.
There was no significant link between overall sensitivity (d') on the VA span task and text reading scores within the whole group and the VOW group (ps > 0.30). In the NOVOW group, the lower target detection sensitivity, the better the reading of both non-vowelized (r(29) = -0.43, p = 0.025) and fully vowelized texts (r(29) = -0.41, p = 0.03).
Follow-up analyses were also conducted to explore the "crowding" effect that 
Discussion
The present study aimed to explore the relationship between the VA span and Arabic reading skills, focusing on a novel factor: individual script preferences. To do so, the performance of children who were better at reading the non-vowelized texts than the fully vowelized texts (NOVOW group) was compared to the performance of children for whom the opposite was true (VOW group).
Whereas both groups performed similarly on the reading task in the fully-vowelized script, the NOVOW group was better at reading the non-vowelized text (see Figure 1) .
Since the quality of root morpheme representations may contribute to the ease at which non-vowelized script is read (Bar-on & Ravid, 2011; Saiegh-Haddad & Geva, 2008; Saiegh-Haddad & Henkin-Roitfarb, 2014) , the poorer non-vowelized reading skills of the VOW group might stem from weaker internalization of these morphemes. In contrast, the two groups performed similarly on the fully vowelized text, suggesting that reading with diacritics may require skills other than morphological abilities alone, such as bottom-up grapheme-to-phoneme mappings (Weiss et al., 2015 (Weiss et al., , 2016 .
Reading preferences and VA span distribution mode
Since different strategies are associated with non-vowelized and fully vowelized Arabic scripts (lexical and sub-lexical, respectively), we first predicted that higher reading expertise in one script compared to the other would be associated with different VA span behaviors 2 . No group difference was found on the overall target detection sensitivity (d') on the VA span task at any of the five positions within the consonant string. This is in line with data showing no quantitative VA span differences between children across languages (see Lallier et al., 2016) . However, qualitative group differences linked to the distribution mode of VA span skills (spatial bias affecting target detection) emerged: whereas the NOVOW group showed a significant response bias to uncrowded consonant targets (first, third and fifth positions), the position did not affect the target detection in the VOW group 3 . Contrary to our predictions, children who preferred reading in a script requiring letter-by-letter strategies (VOW group) distributed their visual attention more homogeneously across stimuli than children who preferred reading in a script where multi-letter units have to be extracted (NOVOW group).
A closer look at the crowding (and serial position function) literature gives some hints to interpret this unpredicted finding. We know that the identification of crowded elements is facilitated by top-down orthographic knowledge (Grainger, Tygdat & Issele, 2010; Montani, Facoetti & Zorzi, 2015) . We know from another line of work that topdown contextual mechanisms help us to resolve perceptual noise and ambiguity through predictive mechanisms (Ahissar & Hochstein, 2004; Guediche, Blumstein, Fiez, & Holt, 2014; Mattys, Davis, Bradlow & Scott, 2012; Panichello, Cheung, & Bar, 2012; ) .
In our task, participants could barely rely on lexical or contextual feed-back to reduce perceptual masking between the five consonants which were presented simultaneously.
Interestingly, non-vowelized Arabic reading demands a constant feed-back between root morpheme identification and top-down processes in order to access the meaning of words (Abu-Rabia, 1997 , 2001 . Therefore, the children in the NOVOW group, who rely on contextual information when reading, might have experienced the greatest difficulties at inhibiting perceptual noise in our task because of the absence of contextual help. Accordingly, the NOVOW group showed significant crowding effects, whereas the VOW group did not. It is noteworthy that two interpretations of these group differences are possible, implying opposite causal directions: (i) Reading preferences 3 A visual inspection of Figure 2 shows that a similar but much reduced serial position function effect can be observed in the VOW group.
resulted in a specific VA span behavior: strongly relying on contextual top-down information whilst reading increased the impact of crowding on orthographic processing; (ii) Vulnerability to crowding resulted in specific reading preferences:
visual noise exclusion deficits encouraged the alternative use of context for lexical and semantic access. Future studies are needed to differentiate between the two alternatives.
VA span-reading relationship in Arabic
We hypothesized that the contribution of VA span skills to reading would be different between groups of readers with distinct reading preferences. Although it will be important to replicate these results in larger samples, they suggest that smaller crowding effects were associated with better reading in NOVOW readers only. The Scatter plots of the correlations between crowding effects on the VA span task and reading performance obtained on the fully vowelized (A.) and non-vowelized (B.) scripts, within each group. Reading z-scores are plotted on the x axis and crowding effects on the y axis.
